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Introduction

57
Avian influenza (AI) infections caused by the H5N1 and H7N9 subtypes have been among 58 the most concerning emerging diseases of the past two decades (Li et al., 2004) and still constitute 59 a major threat to both human and animal health (Lai et al., 2016) over long distances (Tung & Costales, 2007) . For this reason, assessing population structure, 88 demographic dynamics, and biosecurity practices of smallholder poultry farms is crucial. While 89 poultry trade networks were investigated in several studies in northern Vietnam (Fournié et al., 90 2016) and farming practices of large itinerant duck flocks were studied in the south (Minh et al., 91 2010), little attention has been given to the specific management of small scale farms.
92
The present study aimed to collect descriptive data on the on-farm demographic structure 
Materials and Methods
100
Data collection
101
As described in a previous publication (Thanh, et al., 2017) , 50 smallholder poultry farms of constraints, to ensure that each flock has at most one match:
The algorithm is implemented in Python (v3.0), and is available online (Nguyen Van Yen, 2017 Rates of poultry removal and death were estimated. As the number of deaths and removals
152
were collected on a monthly basis, the exact numbers of birds introduced, removed, and deceased 153 on each day were not available. Thus, the day of introduction/removal/death was imputed 154 assuming a uniform probability of this event occurring at any day during the month, and 10,000
155
imputed data sets (with exact days of birth/death events) were used to provide estimates and ranges
156
of death rates and removal rates in the poultry population. Different probability distributions
157
(exponential and mixtures of one, two, and three gamma distributions) were fit to the distributions Only four farmers kept a single species of poultry during the study period. At any given time,
190
poultry farms had a 32% probability of containing birds of only one species, a 33% probability of 191 having birds of two different species, and a 35% probability of having birds of at least three 192 different species. For a given species, the probability that it would be in contact with poultry of 193 another species, on the same farm in the same month, is shown in The time series of median, 2.5%, and 97.5% quantiles were smoothed using local regression (span 217 factor: 0.5).
219
The age-specific removal rate was consistently higher for ducks than for chickens or MDs, 220 except during the first 3 weeks, while the removal rate of MDs was the lowest (Figure 2, middle) .
221
70% of young chickens, 45% of young ducks and 38% of young MDs were removed from the 222 farm before reaching their first month. The high removal rate of young chickens, and, to a lesser 
230
Layer/breeder poultry were much older than broilers (average age above one year in the 
Temporal population dynamics
251
Time series of population size and mortality rate attributable to disease are shown in Figure 4 .
252
Chicken population size slightly decreased during the study period and was not obviously seasonal. while leg paralysis and nervous-system symptoms were quite specific to ducks. The mortality rate
276
attributable to disease appears to be a decreasing function of age (Figure 3) , approximately 1%
277
per week in birds below 5 weeks of age and decreasing progressively afterwards. In MDs, however,
278
an increase in mortality rate attributable to disease was observed around 20 weeks of age. In chickens, the rate of mortality attributable to disease did not vary much across the study 
Housing and grazing of poultry and infectious disease prevention
301
Approximately half of chickens were housed indoors while the overwhelming majority of ducks 302 and MDs were farmed outdoors, either in pens (ducks) or free-range (most MDs) (Figure 6 ). 69% 303 of ducks grazed in water bodies during the day. The average grazing distance was 108m away 304 from the farm and 1.5 km was the maximum. The vaccination coverage against AI was 50% in chickens, 44% in ducks and 17% in MDs.
311
The vaccination coverage against Newcastle Disease was 26% in chickens while vaccination 312 coverage against duck plague was 1.5% in ducks. The other diseases against which vaccination 313 was practiced were Fowl cholera and Gumboro disease, mainly in chickens. other hand, show a much higher replacement rate (the rate of removal and introduction of birds).
361
Thus, chicken and duck farms may be more at risk of introduction of pathogens through inter-farm 362 movements, and the epidemiology of avian influenza transmission in chickens and ducks may be 363 more strongly influenced by the trading network than by individual farm characteristics.
364
The results suggest different modalities of renewal of the poultry stock in the three species.
365
In chickens, a substantial number of smallholder farms bred and supplied other smallholder farms 
376
The three main poultry species have markedly different turnovers. In ducks the production 377 period of both broiler and layers is short. In addition, no layer ducks are bred and raised on the 378 same farm, broilers are never converted in layer/breeders, and the ratio breeder/layer over bird 379 introduction is particularly low, suggesting a high rate of import of new individuals from outside.
380
These observations are important, considering the major role played by ducks, and particularly industry is mentioned as an important source of feed (Aust, 2015) .
390
Control of avian influenza in Asia will likely continue employing poultry vaccination, 
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